In our experiments, three alkaline membrane fuel cells were constructed based on alkaline membrane electrolytes.
The composite membrane was made of a commercial strong anion exchange resin (AER) (Amberlite IRA78, hydroxide form, Aldrich) and polyvinyl alcohol (PVA), (MW 50,000, Aldrich) at a weight ratio of 60/40. PVA was dissolved in de-ionised water and stirred at 85°C for two hours to form a gel. After the gel was cooled down to room temperature, the commercial resin was crushed into powder in an agate mortar first then mixed with PVA gel, cast on a glass plate and dried in a vacuum oven at room temperature to form an AER-PVA blend membrane.
Cell A:
Membrane electrode assemblies (MEAs) for fuel cells measurements were fabricated with a Pt/C anodes and AER-PVA blend membrane. Pt/C (30wt%, E-TEK) was used as anode at a loading of 0.6mg/cm 2 . Carbon papers (Toray 090, water-proofed for anode, plain for cathode, E-TEK) were used as current collectors.
Cell B:
Nano-sized nickel was prepared from NiCl 2 ⋅6H 2 O (Alfa, 99.3%), CrCl 3 ⋅6H 2 O (Alfa, 99.5%) and KBH 4 (Alfa, 98%)(1). Some trisodium citrate was added into the NiCl 2 aqueous solution in order to obtain nano-sized nickel particles (primary particle size ~ 2 nm). The nickel was dried at room temperature only. The as-prepared nano-sized nickel was mixed with carbon (Carbot Vulcan XC-72R) at a 50/50 weight ratio to be used as anode. Nano-sized silver was prepared by a similar method to that for preparation of nickel using AgNO 3 (Alfa, 99.9+%) as the precursor. The silver was mixed with carbon (Cabot Vulcan XC-72R) by a weight ratio of 50/50. The loading of Ag at cathode and Ni at anode were ~20mg/cm 2 . The other parameters are the same as in Cell A.
Cell C:
The same Ni/C anode as in Cell B was used. 20wt% MnO 2 /C was prepared from KMnO 4 (Avacado, 99%), Mn(CH 3 COO) 2 ⋅4H 2 O (Aldrich, 99.99%) and carbon (Cabot Vulcan XC-72R) by a co-precipitation method (2) Thermodynamic value of urea dissolution in water: During the estimation, it has been assumed that thermal capacitances of compounds do not change in the temperature range. In a real situation, they do change but will have little contribution to free energy change. 
